Using the Atacama Large Millimeter/submillimeter Array (ALMA), we have conducted a blind redshift survey in the 3 mm atmospheric transmission window for 26 strongly lensed dusty starforming galaxies (DSFGs) selected with the South Pole Telescope (SPT). The sources were selected to have S 1.4mm >20 mJy and a dust-like spectrum and, to remove low-z sources, not have bright radio (S 843 MHz < 6 mJy) or far-infrared counterparts (S 100µm < 1 Jy, S 60µm < 200 mJy). We robustly detect 44 line features in our survey, which we identify as redshifted emission lines of 12 CO, 13 CO, C I, H 2 O, and H 2 O + . We find one or more spectral features in 23 sources yielding a ∼90% detection rate for this survey; in 12 of these sources we detect multiple lines, while in 11 sources we detect only a single line. For the sources with only one detected line, we break the redshift degeneracy with additional spectroscopic observations if available, or infer the most likely line identification based on photometric data. This yields secure redshifts for ∼70% of the sample. The three sources with no lines detected are tentatively placed in the redshift desert between 1.7<z<2.0. The resulting mean redshift of our sample isz=3.5. This finding is in contrast to the redshift distribution of radio-identified DSFGs, which have a significantly lower mean redshift ofz=2.3 and for which only 10-15% of the population is expected to be at z>3. We discuss the effect of gravitational lensing on the redshift distribution and compare our measured redshift distribution to that of models in the literature.
INTRODUCTION
In the last decade, impressive progress has been made in our understanding of galaxy formation and evolution based on multi-wavelength deep field studies. Millimeter (mm) and submillimeter (submm) continuum observations demonstrated that luminous, dusty galaxies were a thousand times more abundant in the early Universe than they are at present day (e.g., Smail et al. 1997; Blain et al. 1999; Chapman et al. 2005 ). The first surveys of the redshift distribution of dusty star-forming galaxies (DSFGs) suggested that the DSFG population peaks at redshift ∼ 2 (e.g., Chapman et al. 2003 Chapman et al. , 2005 , coeval with the peak of black hole accretion and the peak of the star formation rate density as measured in the optical/UV (e.g., Hopkins & Beacom 2006) . These studies suggested that the bulk of star formation activity in the universe at z = 2 − 3 could be taking place in DSFGs, hidden from the view of optical/UV observations due to the high dust obscuration (e.g., Hughes et al. 1998; Blain et al. 1999) .
Optical surveys now allow estimates of the history of star formation (the 'Madau-Lilly' plot; Madau et al. 1996; Lilly et al. 1996; Hopkins & Beacom 2006) out to z ∼ 8 (e.g., Bouwens et al. 2010 Bouwens et al. , 2011 , but have uncertain dust extinction corrections. Submm observations can provide a more complete picture of the amount of highly obscured star formation over a large range of look-back times. However, such studies have been hampered by the difficulty of obtaining robust redshifts for DSFGs. This difficulty increases strongly as a function of redshift, and mainly arises from the coarse spatial resolution (∼20 ′′ ) of single-dish submm observations and the dust-obscured nature of the sources, which often prohibits identification of counterparts at other wavelengths. The solution has been to obtain higher spatial resolution data, usually at radio and/or mid-infrared wavelengths, in which the most likely counterpart to the submm emission could be identified (e.g., Ivison et al. 2002; Ashby et al. 2006; Pope et al. 2006; Wardlow et al. 2011; Yun et al. 2012) . The slope of the spectral energy distributions (SEDs) of galaxies in the radio or midinfrared (MIR), however, is such that the K-correction is positive, and galaxies become more difficult to detect at high redshifts. By contrast, the steeply rising spectrum of dusty sources leads to a negative K-correction for DSFGs at submm wavelengths, resulting in fluxes roughly constant with redshift (Blain & Longair 1993) . Therefore, while DSFGs may be discoverable at submm wavelengths at almost any redshift, their emission may be hidden at other other wavelengths. Indeed, in submm surveys typically 50% of DSFGs lack robust counterparts (e.g., Biggs et al. 2011 ) albeit the fraction depends on the depth of the radio/MIR observations. This mismatch in the wavelength sensitivity could bias the DSFG redshift distribution, particularly at z > 3.
A more reliable and complete method to obtain secure multi-wavelength identifications of DSFGs is to follow the single-dish detections up with mm interferometry. Prior to ALMA this method has proven to be time-intensive, requiring entire nights of time detect a single source; the first sample detected blindly in the continuum with mm interferometry was published by Younger et al. (2007) . A larger sample was published recently by Smolcic et al. (2012) , which included optical spectroscopic redshifts for roughly half the sample and photometric redshift estimates the remaining sources in the sample which suggested that the previous spectroscopically determined redshift distributions (e.g., Chapman et al. 2005) were biased low.
A more direct and unbiased way to derive redshifts of DSFGs is via observations of molecular emission lines at millimeter wavelengths which can be related unambiguously to the (sub)mm continuum source. This method has only become competitive over the past years with the increased bandwidth of mm/submm facilities. Its power to measure reliable redshifts has been demonstrated in the case of SMMJ14009+0252 and HDF850.1 (Weiß et al. 2009a; Walter et al. 2012) , two of the first DSFGs detected by SCUBA, for which other methods failed to deliver redshifts for more than a decade. While CO redshift surveys of a representative sample of DSFGs will remain observing time expensive till the operation of full ALMA, CO line redshifts for strongly lensed systems can be obtained easily (e.g. Swinbank et al. 2010; Cox et al. 2011; Frayer et al. 2011) .
In the past studies of strongly lensed sources have been limited to a handful of targets due to their rareness and the lack of large scale mm/submm surveys. This has changed dramatically over the past years with the advent of large area surveys from Herschel (specifically H-ATLAS and HerMES Eales et al. 2010; Oliver et al. 2010 ) and the South Pole Telescope (SPT-SZ, Carlstrom et al. 2011) . These surveys have detected hundreds of strongly lensed high-redshift DSFGs (Vieira et al. 2010; Negrello et al. 2010) . First CO redshift measurements at mm (Lupu et al. 2012 ) and centimeter (Harris et al. 2012) wavebands of H-ATLAS sources suggested that the lensed DSFGs lie within the same redshift range as unlensed, radio-identified sources (Chapman et al. 2005) . Although a large overlap between the SPT and Herschel populations is expected, SPT's longer selection wavelength of 1.4 mm predicts a broader redshift distribution than Herschel detected sources and indeed photometric redshifts of DSFGs discovered by the SPT confirm this expectation (Greve et al. 2012) .
In this paper, we present the results from an ALMA CO redshift survey of a sample of 26 strongly lensed DSFGs selected from 1300 deg 2 of SPT-SZ survey data (Carlstrom et al. 2011) . The depth of the SPT-SZ survey data, which is sufficient to detect S 1.4mm ∼20 mJy sources at 5σ, combined with the flat redshift selection function of DSFGs at this wavelength (e.g., Blain & Longair 1993) , has produced an optimal sample for mm molecular line redshift searches in strongly lensed DSFGs. In an accompanying paper, Vieira et al. (2013) show that these sources are virtually all strongly lensed, while Hezaveh et al. (2013) report the associated lens modeling procedure.
In Section 2, we describe the target selection and observations. The biases on the observed redshift distribution, resulting from the source selection and the effect of gravitational lensing are discussed in Section 4. Our results are summarized in Section 5. Throughout this paper we have adopted a flat WMAP7 cosmology, with H 0 = 71 km s −1 Mpc −1 , Ω Λ = 0.73 and Ω m = 0.27 (Komatsu et al. 2011 ).
OBSERVATIONS
We observed a sample of 26 bright (S 1.4mm > 20 mJy), 1.4 mm selected SPT sources with ALMA. Sources were selected from the first 1300 deg 2 of the now complete 2500 deg 2 SPT-SZ survey (for more details on the survey, see Williamson et al. 2011; Story et al. 2012) . The flux density cut is done on the initial raw flux density, and not the final de-boosted flux density, the details of which can be found in Vieira et al. (2010) and Crawford et al. (2010) . To remove synchrotron dominated systems we required dust-like spectra between 1.4 and 2 mm (S 1.4mm /S 2.0mm >2; Vieira et al. 2010 ). In addition, we used far-infrared (FIR) and/or radio criteria to remove low-redshift contaminants (see Section 4.1). In order to refine the relatively coarse SPT source positions (the SPT's beam size is 1 ′ .05 at 1.4 mm) we further required follow up observations at higher spatial resolution (typically 870µm images from the Large Apex BOlometer CAmera (LABOCA) or 1 mm data from the Submillimeter Array). Based on 1.4 mm flux densities, our Cycle 0 targets comprise a representative sample of the SPT sources meeting these selection criteria. This is shown in Appendix C where we present the SPT 1.4 mm, LABOCA 870µm, and Herschel-SPIRE 350µm flux density properties of this subsample compared to all SPT sources which have been observed with Herschel and LABOCA.
In order to optimize the ALMA observing efficiency, we assembled 5 groups of targets that lie within 15
• of each other on the sky -this restriction precluded a complete flux-limited sample.
We excluded two sources with redshifts previously determined by Z-Spec (a wide-band, low resolution spectrometer operating between 190-310 GHz, see Bradford et al. 2004 ) on the Atacama Pathfinder Experiment (APEX) telescope and XSHOOTER (Vernet et al. 2011) or the the FOcal Reducer and Spectrograph (FORS2; Appenzeller et al. 1998 ) on the ESO Very Large Telescope (VLT).
The ALMA observations were carried out in 2011 November and 2012 January in the Cycle 0 early science compact array configuration. We performed a spectral scan in the 3 mm atmospheric transmission window with five tunings in dual polarization mode. Each tuning covers 7.5 GHz in two 3.75 GHz wide sidebands, each of which is covered by two 1.875 GHz spectral windows in the ALMA correlator. This setup spans 84.2 to 114.9 GHz (with 96.2 to 102.8 GHz covered twice; see Figure 1 ), nearly the entire bandwidth of the Band 3 (84−116 GHz) receiver. Over this frequency range ALMA's primary beam is 61 ′′ − 45 ′′ . The observations employed between 14 and 17 antennas in different sessions, and resulted in typical synthesized beams of 7 ′′ ×5 ′′ to 5 ′′ ×3 ′′ (FWHM) from the low-to high-frequency ends of the band. Each target was observed for ∼ 120 seconds in each tuning, or roughly 10 minutes per source in total, not including overheads.
Typical system temperatures for the observations were T sys = 60 K. Flux calibration was performed on planets (Mars, Uranus, or Neptune) or Jupiter's moons (Callisto or Ganymede), with passband and phase calibration determined from nearby quasars. The data were processed using the Common Astronomy Software Application package (CASA, McMullin et al. 2007; Petry et al. 2012) . Calibrated data cubes were constructed with a channel width of 19.5 MHz (∼ 50 − 65 km s −1 for the highest and lowest observing frequency).
The typical noise per channel is 2 mJy beam −1 across the band and 1.4 mJy beam −1 between 96.0 and 102.8 GHz where two tunings overlap. Continuum images generated from the full bandwidth have typical noise levels of 70 µJy beam −1 . The spectral coverage of this experiment includes CO(1-0) for 0.003<z<0.36 and one or more CO lines, between the (2-1) and (7-6) transitions, between 1.0<z<8.6, with the exception of a small redshift "desert" between 1.74<z<2.00 (see Figure 2 ). An additional redshift desert at 0.36<z<1.0 is also present, but our high 1.4 mm flux density threshold effectively requires that our sources be gravitationally lensed ( §4.1) and it is highly unlikely that sources at this redshift will be lensed ( §4.2). 
RESULTS
We detect 3 mm continuum emission with a high signal-to-noise ratio in all 26 sources; all sources remain spatially unresolved in these compact configuration data. Within the primary beam of ALMA we do not detect any other source at the sensitivity limit of our observations. Table 1 lists the ALMA 3 mm continuum positions, while the 3 mm continuum flux densities are given in Appendix C together with other photometric measurements. Figure 3 presents the spectra. In total, we detect 44 line features with line integrated SNR > 5 in our survey, which we identify as emission lines of 12 CO, 13 CO, C I, H 2 O, and H 2 O + . Our spectra can be grouped into three categories:
• Spectra with no line features (3 sources).
• Spectra with a single line feature (11 sources). For these spectra we cannot determine the redshift unambiguously and use other spectroscopic and photometric measurements to constrain the redshift.
• Spectra with multiple line features (12 sources). In this case, a unique redshift solution can be derived from the ALMA 3 mm spectral scans alone. Table 2 summarizes the detected line features and the derived redshifts. Uncertainties for the redshifts are based on Gaussian fits to the line profiles. The identification of the ambiguous features is discussed in Section 3.2.
3.1. Additional spectroscopic observations For five of the sources in our sample for which we have detected only a single line in our 3 mm scan, we determine the redshift using additional mm/submm or optical spectroscopy. We describe the observations and show the spectra in Appendix A.
Ambiguous cases
The most likely candidates for a single line feature in the 3 mm band are redshifted transitions of CO up to J=3-2 (see Figure 2) . The CO(4-3) and CO(5-4) lines may also appear as single lines across the band in cases where the C I( 3 P1 → 3 P0) line falls out of the covered frequency range or may be too faint to be detected (the lowest flux density ratio between C I( 3 P1 → 3 P0) and CO(4-3) or CO(5-4) that we observe in our survey is <0.15 (3σ)). Single-line spectra cannot result from CO transitions of J=6-5 or higher or molecular lines that can appear at flux densities comparable to CO (such as H 2 O, van der Werf et al. 2010 Werf et al. , 2011 , because these lines would be accompanied by another line within the observing band (see Figure 2) [C II] would require extreme redshifts (z>11) which are inconsistent with mm/submm continuum measurements.
Photometric measurements allow us to discriminate between the possible line assignments in our single-line sources. The thermal dust emission of our sources is sampled by 3 mm ALMA, 2 & 1.4 mm SPT, and 870 µm LABOCA as well as 500, 350, and 250 µm Herschel-SPIRE observations. The photometry is given in Appendix C .
For the fitting of the thermal dust continuum we have used the method described in Greve et al. (2012) which uses a greybody fit with a spectral slope of β=2 and an optically thin/thick transition wavelength of 100µm, where the only free parameters are the dust luminosity and the dust temperature, T dust . As in Greve et al. (2012) , we exclude data points shortward of λ rest = 50µm from the fit because a single-temperature SED model typically cannot match both sides of the SED peak simultaneously due to the presence of dust at multiple temperatures. Both the spectral slope and transition wavelength affect the derived dust temperatures. For the present purpose, we seek only a consistent measure of the location of the SED peak in each source; the "temperatures" should not be interpreted as physical temperatures. The dust temperature is better derived using the source structural information that will be available with lens models based on high spatial resolution ALMA observations (Hezaveh et al. 2013 ), which will help constrain the dust opacity (e.g., Weiß et al. 2007) .
Given the fundamental degeneracy between T dust and redshift due to Wien's displacement law, it is not possible to solve for z and T dust simultaneously. We therefore determine T dust for each of the possible redshifts and compare these to the dust temperature distribution for targets with unambiguous redshifts (see Table 2 ), including the two SPT sources with previously known redshifts from Greve et al. (2012) which share the same selection criteria than the sample discussed here. For these sources we find a mean of T dust =37.2±8.2 K and no apparent trend with redshift (see Figure 4 , left). Based on the distribution of the temperatures in this sub-sample (19 sources) we have calculated the probability for each of the four dust temperature/redshift options for the six sources with a single detected line and ambiguous redshifts. This analysis strongly prefers a single redshift for one additional source (SPT0452-50, see Appendix B). We have included SPT0452-50 in the sample of sources with known redshifts, bringing the total to 20. Figure 4 shows the five remaining sources with ambiguous redshifts. We retain only dust temperatures with probabilities >10%, and find two plausible line identifications/redshifts for four sources. In one case this threshold only rules out CO(2-1), leaving three plausible redshifts. Table 2 lists the possible redshifts together with the implied dust temperatures. Entries in bold face show the most likely redshift solution.
In the case of the three sources without line features, we derive photometric redshifts based on the FIR data using the mean dust temperature of the objects with unambiguous redshifts. This places these three sources between z=3.3-4.2 (see right column of Table 2 ). Of the two redshift ranges for which we cannot observe a CO line, the 0.36<z<1 range can be excluded because the SED would then imply T dust lower than the dust temperatures of the Milky Way and other spiral galaxies (T dust <15 K for all sources) and due to the small lensing probability ( §4.2). The galaxies may then be in the redshift desert at z=1.74-2.00 or at higher redshift with CO line intensities below our detection threshold. Our redshift survey sensitivity was intended to detect CO lines out to z∼6, based on molecular gas estimates from the dust continuum, and strong detections of emission lines in 90% of the targets out to z = 5.7 lends credibility to the sensitivity target. However, two of our non-detections are among the 1.4mm-faintest sources which leaves open the possibility that the line sensitivity is inadequate in these cases, albeit we do detect CO lines at similar 1.4 mm flux density in the survey. Yet, estimates of the CO (and C I) line intensities based on the dust continuum observations alone require several strong assumptions (e.g., on the gas-todust mass ratio and the molecular gas excitation). Thus we cannot rule out that these systems represent a class of galaxies with lower than expected line to continuum ratio, with the lines falling below our detection limit. If we place these three galaxies at z=1.74-2.00, we obtain low (T dust ≈20 K), but still plausible dust temperatures given the T dust distribution in our sub-sample with known redshifts. We note that this redshift identification is by no means secure, but represents the lowest plausible redshift range given the estimates based on the photometric data discussed above.
A discussion of the 9 individual cases which have zero or one CO line detected with ALMA and no additional spectroscopic observations is presented in Appendix C.
DISCUSSION
4.1. Redshift biases due to source selection criteria From our line identifications in Table 2 , it is apparent that the lowest secure redshift detected in our survey is at z=2.010. Only five sources are possibly at z≤2 (assuming that sources without a line detection fall into the redshift desert z=1.74-2.00). This is in contrast to the expectation from radio-identified DSFG redshift surveys, where typically ∼50% of all sources fall into the redshift range 0.5<z<2.0 (e.g., Chapman et al. 2005; Wardlow et al. 2011 ).
Part of this discrepancy arises from our source selection criteria. In order to select strongly lensed, dusty high-redshift sources from the SPT 1.4 mm maps efficiently, additional criteria are used to distinguish the high-z population from the low-z and synchrotrondominated sources that dominate the number counts of S 1.4mm >20 mJy sources. Vieira et al. (2010) present a discussion of the classification of these populations and the details on how to distinguish them. Below, we provide a summary of the selection criteria and discuss their impact.
We first select sources whose mm flux is dominated by thermal dust emission. This step is based on the ratio of 1.4 to 2.0 mm flux density and is efficient at removing any synchrotron-dominated source from the sample, the majority of which are flat-spectrum radio quasars (FSRQs) and have previously been cataloged at radio wavelengths. We impose a flux density cut on the sample of dust-dominated sources of S 1.4mm > 20 mJy based on the raw fluxes determined on the 1.4 mm maps.
The second step is to use external FIR catalogs to remove ('veto') low-redshift sources from the sample of dusty sources. Any source detected in the IRAS Faint Source Catalog (IRAS-FSC, Moshir et al. 1992 ) at 60 or 100µm (which implies S 60µm <200 mJy and S 100µm <1 Jy over the entire SPT field) is omitted from our source sample. This removes ∼ 70% of the dusty sources from our sample. Every dusty source with a counterpart in both the SPT and IRAS-FSC catalogs has a published spectroscopic redshift at z<0.03 and is not strongly lensed. Note. -In case of ambiguous redshifts, preferred solutions are shown in bold. a The number in brackets is the redshift uncertainty in the last decimal derived from Gaussian fits to the line profiles.
The third step is to use external radio catalogs to remove low-redshift and radio-loud sources from the sample of dusty sources.
Any source detected in the 843 MHz Sydney University Molonglo Sky Survey (SUMSS, Bock et al. 1998 ) (with a ∼6 mJy 5σ flux density threshold over the entire SPT field) is omitted from our source sample. The SUMSS veto removes an additional ∼ 15% of the dusty sources which passed the IRAS veto. This step is intended to ensure that no FSRQs were allowed into the sample. The mean radio flux density reported in the SUMSS catalog for these sources is S 843MHz =52 mJy, well above the catalog threshold.
The effect of these selections on the redshift distribution of the 1.4 mm sources targeted in this study depends on the intrinsic radio-IR SEDs of the DSFGs. Figure 5 shows the redshift limits beyond which different radio-IR SEDs pass our source veto criteria. We show here well-studied examples of quiescent and star-forming local galaxies, as well as an example for a high-redshift, radioloud active galactic nucleus (AGN) host galaxy. The figure demonstrates that galaxies which follow the local radio-FIR correlation and have relatively cold dust temperatures (T dust 30 K, e.g., M51) would pass our source selection criteria at relatively low redshift (z 0.5).
Sources with Arp 220-like SEDs would pass our selection criteria at higher redshifts (z 1.4). Other local and high-z IR luminous sources, including M82, SMM J2135-0102 ('The Eyelash ' -Swinbank et al. 2010), and HR10 (Stern et al. 2006 , not shown), are allowed at redshifts similar to Arp 220. Sources with FIR SEDs dominated by hotter dust (due to AGN heating, as in H1413+117, also known as 'The Cloverleaf'; Benford et al. 1999) than is typical for star-forming systems would be found in IRAS and excluded from the sample out to z ∼ 3.
The SUMSS veto may exclude a few source classes from our sample. Figure 5 shows that systems with much higher radio power than implied by the radio-IR correlation, such as lensed radio-loud AGN with significant dust emission (e.g., the Cloverleaf), are excluded from our sample over a large redshift range. This veto may also exclude lensed DSFGs at z 1.5 (coincidentally close to the IRAS redshift veto limit), where the radio-FIR correlation predicts the radio emission will exceed the SUMSS limit. Finally, DSFGs lensed by foreground CO(2-1) CO(3-2) CO(4-3) CO(5-4)
Dust temperatures for the sources in our sample with unambiguous redshifts. Center: Combined histogram of dust temperatures derived from the posterior likelihood distributions for the sources with unambiguous redshifts. Overplotted are the dust temperatures determined for each redshift option for those sources with uncertain redshift; horizontal spacing is arbitrary. The solid and dashed lines show the median and 95% confidence interval dust temperatures for those sources with unambiguous redshifts. Right: Probability for the single line detected in our ALMA spectrum to be identified as one of the four possible CO transitions for the five sources with ambiguous redshifts. The probabilities were calculated by comparing the dust temperature associated with each line identification to the dust temperature distribution of our sources with known redshifts. The horizontal dashed line shows a probability of 10%, the cut off above which we consider the line identification to be plausible. Redshift bias due to our IRAS 60 and 100µm, and 843 MHz radio flux vetos. The bars show the redshift range for which specific radio-to-IR SEDs are excluded from our sample. The color coding of the bars corresponds to galaxies shown in the bottom part of the figure. Bottom: Radio to optical SEDs of M51 (the Whirlpool Galaxy), Arp 220 (the nearest ultraluminous infrared galaxy) and H1413+117 (the Cloverleaf QSO). These galaxies represent a range of possible SED types and are normalized to S 1.4mm = 28 mJy (the mean 1.4mm flux density of our sample). The dashed horizontal line shows our selection wavelength of 1.4mm. The arrows show the 843 MHz, 100µm and 60µm upper limits used for our source selection. The SEDs are shown for the lowest redshift (value indicated in the figure) for which each source matches our selection criteria, except for H1413+117 which is shown at z = 3.0.
galaxies with radio-active AGN and residual FSRQs will be excluded in a redshift-unbiased way by this veto. 
Redshift biases due to gravitational lensing
The high 1.4 mm flux density cut of our target selection implies that even the most infrared-luminous galaxies are too faint to be included in the SPT dusty-source sample at z 0.5 without assistance from gravitational lensing (L IR > 3 · 10 13 L ⊙ for a Arp220 like SED). This expectation is confirmed by our ALMA high-angular resolution imaging that resolves our sources into arcs or Einstein rings -hallmarks of gravitational lensing . The redshift-dependent probability of strong gravitational lensing therefore has important effects on our redshift distribution. In Figure 6 , we show the differential probability of strong lensing versus redshift, calculated from the models of Hezaveh & Holder (2011) and Hezaveh et al. (2012) , which use gravitational lensing by a realistic population of intervening halos to match the observed number counts of bright DSFGs. The strong evolution in the lensing probability (the fractional volume at each redshift subject to high magnification), a factor of 20 between z∼2 and z ∼ 0.5, demonstrates that the requirement that we find lensed sources strongly suppresses sources at z 1.5. For z 2 the lensing probability varies much more slowly, implying weaker effects on the lensed source counts.
At higher redshifts, other lensing effects can more significantly alter the normalized redshift distribution, dn/dz, especially changes in source sizes. To evaluate such effects, we compare an assumed intrinsic redshift distribution to the model distribution of strongly lensed sources (S 1.4mm >15 mJy, consistent with the deboosted 1.4 mm flux densities of our sources, see Table 4 ). As discussed in Hezaveh et al. (2012) ,the selection of a sample of millimeter-bright DSFGs, lensed by intervening galaxies, will preferentially identify those with more compact emission regions. This implies that the observed redshift distribution could be biased if DSFGs undergo a size evolution with redshift.
Observationally, it is well established that high-redshift DSFGs are significantly larger than local ULIRGs. In the high-redshift (z 2) sources the star-forming regions extend over ∼5 kpc diameter, while lower-redshift (z 1) ULIRGs typically form stars in kpc-sized regions (see, e.g., Tacconi et al. 2006; Engel et al. 2010 , and references therein). Whether DSFGs undergo a size evolution in the redshift range z=1.5-6, the relevant redshift range for our study, is, however, largely unknown due to the small number of high-redshift objects for which spatially resolved observations of the submm emission region exist and the large diversity of morphologies. Evidence for extended molecular gas reservoirs (>10 kpc diameter) has been found in some DSFGs out to redshift z≈4 (e.g., Genzel et al. 2003; Ivison et al. 2010; Younger et al. 2010; Carilli et al. 2011; Ivison et al. 2011; Riechers et al. 2011b ) while the molecular gas distribution in IR luminous AGN host galaxies, which have been measured out to redshift z=6.4, are typically more compact (∼2-3 kpc diameter, e.g., Walter et al. 2004 Walter et al. , 2009 ). These differences, however, mainly reflect the diversity of submm-detected objects and possibly an evolutionary link between DSFGs and AGN host galaxies (Riechers et al. 2011a ) rather than an overall size evolution of submm-selected high-z galaxies.
In Figure 7 , we compare different size-evolution scenarios, where the intrinsic distribution was prescribed to be consistent with the observed redshift distribution from radio-identified DSFGs including recent spectroscopic data from the literature (Chapman et al. 2005; Capak et al. 2008; Coppin et al. 2009; Daddi et al. 2009a,b; Riechers et al. 2010; Banerji et al. 2011; Walter et al. 2012 ). The figure demonstrates that the effect of gravitational lensing on the observed redshift distribution is relatively small when there is no size evolution or increasing source sizes with redshift. For example, in the redshift range z=2-4 the difference between dn/dz derived from the unlensed and lensed sources is smaller than ∼ 20% in both cases. In the case of no size evolution the observed redshifted distribution is displaced by ∆z∼0.3 towards higher redshifts compared to the unlensed case. Given the steep increase of dn/dz between z=1-2 of the redshift distribution (Chapman et al. 2005; Banerji et al. 2011) , this shift causes an underestimate of the source counts in this redshift interval by roughly a factor of two which may explain the low number of z<2 objects detected in our survey. For decreasing source sizes with redshift (as suggested by optical observations, Fathi et al. 2012 ) the difference between the observed and intrinsic redshift distribution can become significant also for z>3, with the counts of the high-redshift galaxies increased compared to the intrinsic distribution.
A compilation of the effective source radii for z=1-6 derived from an analysis of the dust SEDs of unlensed submm detected DSFGs and quasi-stellar object (QSO) host galaxies has been published in Greve et al. (2012) . Their Figure 5 shows the submm source radii as a function of redshift. The size of the highest redshift sources (z=5-6) in this diagram tend to fall below the average size of z=1-3 objects, but as mentioned above, these high-redshift sources are all QSO host galaxies and as such cannot be taken as evidence for a size evolution of the whole DSFG population. The sample of source radii in the literature (Tacconi et al. 2008; Engel et al. 2010; Rujopakarn et al. 2011) , which were directly measured from high-resolution imaging, show no clear evidence for size evolution above z>0.4. In the absence of conclusive observational constraints, it is difficult to quantify the redshift bias due to gravitational lensing. We note, however, that making our observed redshift distribution consistent with an intrinsic distribution like the one from Chapman et al. (2005) would require an extreme growth of DSFGs between z=6 and z=2 (r=0.2 kpc to 2.5 kpc in 2.3 Gyr, see Figure 7 ). Likewise, a modest evolution (r=1.5 kpc at z=6 to 2.5 kpc at z=2, using the QSO size measurements as lower limits to the size of DSFGs at z = 6, see above) results in a steeper redshift distribution than that implied by our most likely redshifts. Both suggest that gravitational lensing is unlikely to be the dominant source for the differences in dn/dz between the present sample and the radio-identified samples.
The redshift distribution
Even with the conservative choice of taking all ambiguous sources to be at their lowest redshift option (see Table  2 ), at least 50% of the SPT sample is at z>3. Only five sources are possibly at z≤2 (assuming that sources without a line detection fall into the redshift desert z=1.74-2.00), consistent with the expectations for a sample of strongly lensed objects. Our sample mean redshift is z=3.5. This redshift distribution is in contrast to that of radio identified DSFGs which have a significantly lower mean redshift ofz=2.3 and for which only 10-15% of the population is expected to be at z>3 (e.g., Chapman et al. 2005; Wardlow et al. 2011) .
A potential difference between our redshift distribution and the 850-µm-selected samples in the literature arises Fig. 7. -Comparison between an assumed intrinsic redshift distribution (dn/dz, solid black ) consistent with spectroscopic observations (see text for references) and distributions modified by gravitational lensing (using the models described in Hezaveh & Holder (2011) ) under different size evolution scenarios. The green dashed line shows the bias to the redshift distribution due to gravitational lensing assuming no size evolution versus redshift. The blue dotdashed line show the bias to the redshift distribution due to gravitational lensing if the size of DSFGs increases with redshift, from r=1 kpc at z=2 to 3 kpc at z=5. The red dotted line shows the bias of the redshift distribution due to gravitational lensing if the size of DSFGs decreases moderately with redshift (r=2.5 kpc at z=2 as measured for DSFGs (Engel et al. 2010) , to r=1.5 kpc at z=6 using the measured submm QSO host sizes (Walter et al. 2009 ) as lower bound to the size of DSFGs). The maroon dotted line exemplifies the extreme size evolution which would be required to bring the redshift distribution of Chapman et al. (2005) into agreement with our observations (r=2.5 kpc at z=2 to r=0.2 kpc at z=6).
from the interaction of the SED of the typical DSFG and the selection wavelength. This has been discussed in several papers, including Greve et al. (2008) and Smolcic et al. (2012) . It has been argued that 850 µm selection results in lower redshift samples than 1.4 mm selection because the negative K-correction ceases once the SED peak is redshifted into the detection band, which occurs at lower redshift for shorter wavelength observations. Because our sources have been selected at 1.4 mm (SPT) and also observed at 870 µm (LABOCA), we can examine the effect that 850 µm selection would have on our sample. The flux ratio as a function of redshift is shown in Figure 8 , it reveals a modest decrease of the 870 µm/1.4 mm flux ratio for increasing redshift. Our observations therefore support the notion that 850 µm selection will preferentially remove sources at the highest redshifts. We caution, however, that this effect will operate only on the fainter population of high-redshift sources, those near to the detection limit where the 850 µm may fall below the detection threshold while the 1.4 mm signal remains detectable.
Some studies of submm selected galaxies from blank field surveys presented evidence for a correlation between observed submm flux density and the source redshift (e.g. Ivison et al. 2002; Pope et al. 2005; Ivison et al. 2007; Biggs et al. 2011) . If confirmed, this could imply a possible bias towards higher redshift for our study if the intrinsic IR luminosity of our sample is on average higher than that of unlensed mm/submm selected samples. So far, lens models based on spatially resolved images of Table 2 including two SPT sources with previously known redshifts from Greve et al. (2012) .
the 870µm continuum are only available for four SPT sources (Hezaveh et al. 2013) . These have magnifications of µ = 5−21 with a mean ofμ=14. The gravitational flux amplification of the SPT sources has also been discussed in Greve et al. (2012) . They deriveμ = 11 − 22 based on an analysis of the FIR properties of 11 SPT sources compared to unlensed samples, in reasonable agreement with the lens models. Adopting an average magnification ofμ = 15 for the sources studied here, our sample is expected to cover intrinsic flux densities of S 1.4mm = 1.0 − 3.0 mJy and S 870µm = 1.7 − 9.5 mJy with means ofS 1.4mm = 1.8 mJy andS 870µm = 5.4 mJy. These intensities ranges are well match with unlensed source flux densities observed in mm/submm blank fields surveys (e.g. Borys et al. 2003; Coppin et al. 2006; Pope et al. 2006; Austermann et al. 2009; Weiß et al. 2009b) which implies that our sample should be representative for the submm selected galaxy population at z > 1.5. We further note that the claimed correlation between observed submm flux density and source redshift has recently been questioned (Wardlow et al. 2011; Karim et al. 2012 ). An additional difference between this sample and earlier spectroscopic measurements of the DSFG redshift distribution is the radio selection. As noted above, previous DSFG redshift searches have primarily relied upon radio counterpart identification to provide optical spectroscopy targets and therefore have a radio detection requirement. Here we have excluded sources with bright radio counterparts, which might be expected to oppositely bias the sample. However, a comparison of the submm-radio flux density ratio distribution for the radioidentified sample of Chapman et al. (2005) and the similar ratio (corrected for differences in observing frequency) constructed from SUMSS and SPT measurements for our SUMSS-vetoed sources shows that these objects emit a much larger fraction of their energy in the radio than even the most extreme sources in Chapman et al. (2005) (see their Figure 7 ). Likewise, sources that pass our SUMSS radio-veto are not biased towards larger submmradio flux density ratios than radio selected samples from the literature due to the shallowness of the SUMSS survey. Therefore this veto should not preferentially exclude low-redshift DSFGs, though optical spectroscopic measurements of the excluded sources will be useful in determining which source classes and which redshifts dominate the excluded objects.
The determination of the shape of our redshift dis- tribution is currently hampered by the eight ambiguous redshifts. In Figure 9 (left) we compare two redshift distributions, one using the lowest redshift option for all sources, and the other assuming the most likely redshift. In the first case, our redshift distribution shows some evidence for a peak at z ≈ 3, consistent with the findings of radio identified DSFGs, and then decreases out to z∼6. The decrease, however, is much shallower than suggested from radio identified DSFGs. In the latter case our redshift distribution rises up to z ≈ 4 and falls off at higher redshift. Within the errors both distributions are consistent with a flat redshift distribution between z=2-4. Note that to these distributions we have added two additional strongly lensed SPT sources from Greve et al. (2012) .
We adopt the redshift distribution informed by our dust temperatures and other data ("SPT best" in Figure 9) for the discussion which follows, and report the values for dn/dz in Table 3 . Figure 9 (center) highlights the large difference between our results and previous redshift surveys. Compared to previous surveys with spectroscopic redshifts that rely on radio counterpart identification (Chapman et al. 2005; Capak et al. 2008; Coppin et al. 2009; Daddi et al. 2009a,b; Riechers et al. 2010; Banerji et al. 2011; Walter et al. 2012) we find a far greater fraction of high-redshift sources. As discussed earlier, gravitational lensing may explain part of this discrepancy if DSFGs are smaller at high redshifts, though extreme evolution is required to explain the full difference. Recent work based on CO(1-0)-derived redshifts for a DSFG sample selected from the H-ATLAS survey (Harris et al. 2012 , not shown here) implies a redshift distribution in agreement with Chapman et al. (2005) . These sources, however, were selected to peak in the SPIRE 350µm channel to match the 2.1≤z≤ 3.5 redshift coverage of the instrument used to measure redshifts (Harris et al. 2012) . Despite this selection, > 50% of their targeted sources remained undetected in CO, which may imply that there are a significant number of sources at redshifts larger than z=3.5 in this sample as well. Smolcic et al. (2012) also find an increased fraction of DSFGs at z>3 through a combination of spectroscopic and photometric redshifts for a mixed sample of 1.1mm and 870µm selected sources in the COSMOS field. They note that 50-70% of their z>3 DSFGs have no radio counterpart down to ∼10 µJy at 1.4 GHz, which supports the prediction that including radio counterpart identification in the process of surveying DSFG redshifts will suppress higher-z sources, as expected from SED templates. The similarity in the redshift distribution of unlensed sources compiled by Smolcic et al. (2012) , derived primarily from photometric redshifts, and our own (Figure 9 , center) may be evidence that gravitational lensing is not strongly affecting the underlying redshift distribution. However, greater numbers of molecular-line-derived redshifts for both populations will likely be required to settle this issue.
In the case of no size evolution in DSFGs, our study suggests that previous spectroscopic DSFG redshift surveys, which are almost exclusively based on radio identified sources, have missed ≥50% of the DSFG population as it resides at redshifts z>3 and the putative highredshift tail of DSFGs may in fact turn out to be a much broader, flat-topped redshift distribution which could extend to z > 4.
Comparison to models
Redshift distributions (dn/dz) and number counts are the main observational constraints to galaxy formation models. Matching available data for DSFGs with these models has been particularly difficult (e.g., Baugh et al. 2005) , requiring some ad hoc changes such as top-heavy initial mass functions. As argued above, our dn/dzalthough currently based on only 28 sources -appears significantly different from the currently largest sample of spectroscopic DSFG redshifts by Chapman et al. (2005) . With direct mm identifications, a 71% spectroscopic completeness, and likely redshifts for an additional 18%, our SPT DSFG dn/dz represents an important new observational constraint to these models.
We compare our measured dn/dz with four recent models in Figure 9 (right), removing sources at z<1.5 from the models to mimic the strong lensing selection selection described in Section 4.3. We discuss the individual models below and give the χ 2 for each model for the five redshift bins. Despite the relatively small number of redshifts, our new SPT dn/dz already discriminates between galaxy formation models. Béthermin et al. (2012) present an empirical model starting from the observed FIR number counts split into "main-sequence" and starburst mode star-forming galaxies. Their model includes the effects of magnification by strong lensing, so it can directly predict the dn/dz for the SPT sample. For the comparison with our data we use the predicted redshift distribution for sources with S 1.4mm >15 mJy, consistent with our source selection. This model matches our redshift histogram very well, with a comparison to the five redshift bins giving a χ 2 of 1.9 across five redshift bins. The Lacey et al. (2010) model is a semi-analytic model -Left: Redshift distribution of strongly lensed DSFGs derived from our molecular line survey. The red histogram shows the z-distributions for the SPT sources using the most likely redshift redshift identification for the sources with ambiguous redshifts; the blue histogram shows the same for the lowest redshift identification of these five sources (see Table 2 ). Middle: Redshift distribution of radio-identified DSFGs with spectroscopic redshifts at z>1.5 (green, Chapman et al. (2005); Capak et al. (2008); Coppin et al. (2009); Daddi et al. (2009a,b) ; Riechers et al. (2010) ; Banerji et al. (2011); Walter et al. (2012) ), mm-identified DSFGs with photometric redshifts at z>1.5 from (black, Smolcic et al. (2012) ), compared to the most likely SPT distribution (Red). Right: Redshift distributions from the models of Hayward et al. (2012) identical to that presented in Baugh et al. (2005) . The model employs a top-heavy stellar initial mass function, which results in more luminosity and more dust produced per unit star formation rate, to better match the bright end of 850 µm galaxy counts. This model does not include the effects of strong lensing, and DSFG counts are based on a selection in S 1.4mm with > 1 mJy (C. Lacey, private communication). The χ 2 between this model and our measurement across the five redshift bins is 10.7.
The Benson (2012) model is a semi-analytic model that also expands upon the work of Baugh et al. (2005) . Whereas the Lacey et al. (2010) model required a topheavy stellar initial mass function, the Benson (2012) model merely has enhanced dust production in starbursts. This model does not include the effects of strong lensing, and DSFG counts are based on a selection in S 850µm (> 5 mJy). The predicted dn/dz distribution comes close to the Chapman et al. (2005) distribution, but clearly fails to fit the SPT or Smolcic et al. (2012) measurements. Part of this difference may be due to the 850 µm instead of 1.4 mm source selection, and a possible lensing bias. The χ 2 between this model and our measurement across the five redshift bins is 39.8. Our measurements are clearly at odds with this model.
The model by Hayward et al. (2012) combines a semiempirical model with 3D hydrodynamical simulations and a 3D dust radiative transfer. Strong lensing is not included in the modeling and the model predicted dn/dz is determined using sources with S 1mm >1 mJy, consistent with the expected intrinsic flux densities of our sample. The distribution of the DSFGs in this model is close to the observed SPT dn/dz, with a χ 2 of 2.8 between data and model.
SUMMARY AND CONCLUSION
We have used ALMA to measure or constrain the redshifts of 26 strongly lensed DSFGs detected in the SPT-SZ survey data. The redshifts were derived using molecular emission lines detected in frequency scans in the 3 mm transmission window covering 84.2 to 114.9 GHz. As the molecular emission lines can unambiguously be associated with the thermal dust continuum emission at our selection wavelength of 1.4 mm, this technique does not require any multi-wavelength identification unlike other methods typically used to derive DSFG redshifts.
In total we detect 44 spectral features in our survey which we identify as redshifted emission lines of 12 CO, 13 CO, C I, H 2 O, and H 2 O + . We find one or more lines in 23 sources, yielding an unprecedented ∼90% success rate of this survey. In 12 sources we detect multiple lines. In 11 sources we robustly detect a single line, and in one of those cases we can use that single line to obtain an unambiguous redshift. For an additional five galaxies, in which we detect a single line with ALMA, we can determine the redshift using additional spectral and optical data yielding 18 unambiguous redshifts. For five sources with a single line detection we have used our excellent mm/submm photometric coverage (3 mm to 250 µm) to narrow the line identification and make a probabilistic estimate for the redshift based on the FIR dust temperature derived from extensive broad band photometric data. In three sources we do not detect a line feature, either because the lines are too weak, or because they are in the redshift desert z=1.74-2.00. Adding in two previously reported SPT sources with spectroscopic redshifts from (Greve et al. 2012) , we derive a redshift distribution from 28 SPT sources.
We analyze the redshift biases inherent to our source selection and to gravitational galaxy-galaxy lensing. Our selection of bright 1.4 mm sources imposes a requirement that they be gravitationally lensed, effectively suppressing sources at z 1.5 due to the low probability of being lensed at these redshifts. Beyond z ∼ 2, gravitational lensing does not significantly bias the redshift distribution unless DSFGs undergo a systematic size evolution between z=2-6 with decreasing source sizes for higher redshifts. An analysis of the black body radii of unlensed DSFGs from the literature does not support the existence of such an evolution, but it also cannot be excluded conclusively at this point.
Our sample mean redshift isz=3.5. This finding is in contrast to the redshift distribution of radio identified DSFGs which have a significantly lower mean redshift ofz=2.3, and for which only 10-15% of the population is expected to be at z>3 (e.g., Chapman et al. 2005) . The redshift distribution of our sample appears almost flat between z=2-4. Our study suggests that previous spectroscopic redshift surveys of DSFGs based on radio identified sources are likely biased towards lower redshift and have missed a large fraction (≥ 50%) of the DSFG population at redshifts z>3.
With a 90% detection rate, our ALMA+SPT CO redshift survey is the most complete DSFG survey to date. It demonstrates the power of ALMA, with its broad-band receivers and large collecting area, to provide the critical galaxy redshift information needed to measure the cosmic history of obscured star formation, particularly at the highest redshifts where other techniques falter. The magnification of the SPT sources by intervening mass (factors of ∼10 or more, Hezaveh et al. 2013 ) has allowed us to obtain these results in the early science phase of ALMA, with only 16, of the eventual array of 54, 12-meter antennas. With the full array, such studies will be possible on unlensed sources, highlighting the enormous scientific impact ALMA will have in the coming decades. With spectroscopic redshifts for a large number of DSFGs, it is now possible to study the conditions of the interstellar medium at high redshift in great detail through spatially resolved spectroscopy of FIR molecular and atomic lines. The SPT sources presented here represent less than 25% of the entire sample of high-redshift, strongly lensed DSFGs. Obtaining redshifts for the remaining sources will enable us to definitively constrain the redshift evolution of DSFGs. 
SPT0128-51
: No line is detected in this spectrum. If it is in the z=1.74-2.00 redshift desert, the dust temperature is a low T dust ≈ 19 K. Alternatively, at higher redshift the line-to-continuum ratio should be smaller and could go undetected. If SPT0128-51 has the same T dust as the median temperature of the unambiguously identified population, 37 K, its corresponding photometric redshift would be z = 4.3.
SPT0300-46
: This source is similar to SPT0125-50 and has a clear CO detection at 100.30 GHz and a tentative C I( 3 P1 → 3 P0) line at 107.08 GHz which implies CO(4-3) at z=3.594. If the latter feature is not real, CO(3-2) at z=2.446 and T dust =27 K is an alternative interpretation. CO(2-1) at z=1.298 would imply T dust =17 K, which we consider unlikely. CO(5-4) can be ruled out as CO(6-5) would have also been detected.
SPT0319-47
: No line is detected in this spectrum. The dust temperature would be ≈ 20 K if the source is in the z=1.74-2.00 redshift desert. As with SPT0128-51, a higher redshift with weak lines cannot be ruled out. Matching this source to the median temperature of the known sample yields a photometric redshift of z = 4.0.
SPT0452-50
: There is a clear line detection at the very edge of the band (114.87 GHz). CO(4-3) and CO(5-4) can be excluded as a second CO line would be detected in the band. CO(2-1) at z=1.007 can be excluded as it would imply T dust =13 K. This identifies the line as CO(3-2) at z=2.010.
SPT0457-49
: There is no line detected in the spectrum. The dust temperature would be ≈ 22 K if the source is in the z=1.74-2.00 redshift desert. As with SPT0128-51, a higher redshift with weak lines cannot be ruled out. This source would lie at z=3.3 were its T dust the same as the median of the unambiguous sample. SPT0459-58 : A single CO line is detected at 98.40 GHz. If the line is identified as CO(4-3) at z=3.685, the C I( 3 P1 → 3 P0) transition is in the band as well at 105.12 GHz . In this case the C I( 3 P1 → 3 P0)/CO(4-3) flux density ratio limit is <0.15 (3σ), comparable to the limit we observe for SPT0345-47. Therefore CO(4-3) cannot be excluded but would require an unusually low (but not unprecedented) C I/CO line ratio. CO(2-1) at z=1.343 can be excluded based on the dust temperature (T dust =14 K). CO(3-2) at z=2.514 implies T dust =22 K. The most plausible identification is CO(5-4) at z=4.856 with T dust =41 K. should have been detected given the bright CO line. CO(2-1) at z=1.156 is unlikely as it implies T dust =20 K, but cannot be ruled out. Our preferred identification is CO(3-2) at z = 2.234 with T dust =33 K. SPT0550-53 : A single bright CO line is identified at 111.67 GHz. CO(2-1) at z=1.064 is excluded (T dust =14 K); for CO(5-4) at z=4.160 CO(4-3) should have been detected. CO(3-2) at z=2.096 and CO(4-3) at z=3.128 are both plausible identifications with T dust =22 and 31 K, respectively.
SUPPLEMENTARY FAR-INFRARED PHOTOMETRY
In this appendix, we show the supplementary FIR through mm photometric measurements used to determine dust temperatures, assign probabilistic redshift estimates to the sources with single-line detections and to show the representativeness of the dust colors of this subsample for the larger sample of 1.4 mm selected SPT sources meeting the same selection criteria.
We used the LABOCA instruments at APEX to obtain 870 imaging. The observations took place during ESO and MPIfR observing time between 2010 September and 2012 May. The observing strategy and data processing are described in (Greve et al. 2012) .
Herschel -SPIRE maps at 250, 350, and 500 µm were observed as part of program OT2 jvieira 5. The SPIRE data consists of a triple repetition map, with coverage complete to a radius of 5 arcmin from the nominal SPT position. The maps were produced via the standard reduction pipeline HIPE v9.0, the SPIRE Photometer Interactive Analysis (SPIA) package v1.7, and the calibration product v8.1. Photometry was extracted by fitting a gaussian profile to the SPIRE counterpart of the SPT detection and the noise was estimated by taking the RMS in the central 5 arcmin of the map which is then added in quadrature tothe absolute calibration uncertainty.
For SED fits, we have added in quadrature an absolute calibration uncertainty of 10% for SPIRE, 15% for LABOCA, 10% for SPT, and 10% for ALMA. 
